 Perlite is an amorphous aluminum silicate, mainly composed of SiO 2 and Al 2 O 3 . In this study, we tried to synthesize FAU type zeolite from a perlite as a starting material. It was found that the mechano-chemical treatment (milling process) for perlite as a raw material resulted in the activation of its surface. As a result, nano-sized FAU-type zeolites with higher Si/Al ratio were preferentially synthesized for perlite with surface activated by mechano-chemical treatments.
INTRODUCTION
Perlite is an aluminum silicate, which are produced by heating the perlite ore ground by mill and roller. As volcanic glass, such as perlite, contain the water in the glass structure, the water steam generates on the heat-treatments [1] , [ 2] . If the generation temperature of the gas is equal to or higher than the glass softening point, the glass is expanded with the generated gas. Then, when the rapidly heating the perlite ore in a rotary kiln, the structured water in the ore is rapidly volatilized and consequently porous ore is generated by rapidly expansion, led to the expanded porous perlite powder. Porous perlite is glassy and has the good physical properties such as light weight, good heat resistance, fire resistance, chemical resistance and thermal insulation．Using these properties, porous perlite is used such as the building materials, heat-insulating materials for LNG tank and soil improvement materials etc.
Above all, because the fuel conversion of industrial energy to natural gas (LNG) is rapidly progressing with recent kindling of social awareness of the environment, the demands of construction of the new tanks and renovation of the old tanks for LNG actively increase. These tanks are double shell structured, in which perlite is filled as heat insulation material between the outer layer and the inner layer. Perlite is generally withdrawn from the storage tank at the time of the update and the disposal of the tank and is used as landfill materials of industrial waste, because porous structure of withdrawn perlite is broken and moisture is absorbed. Therefore, it is difficult to promote the recycle of withdrawn perlite as insulation materials for LNG tank.
In the recent researches on recycle of inorganic materials, such as coal ash, paper sludge incineration ash, molten slag and liquid crystal panel glass, the synthesis of tobermorite and zeolite have been often carried out.
[3]~ [8] Zeolite is a generic name of porous aluminosilicate, the basic unit is three-dimensional framework structures consisting of tetrahedrally coordinated SiO 4 and AlO 4 units. When a part of Si 4+ is replaced with Al 3+ , lack of positive charge occurs, cation exchange capability of the zeolite is obtained by supplementing the shortage cation such as an alkali metal . [9] Considering that perlite is aluminum silicate, perlite is the usable raw material such as Si and Al source. Therefore, we focused on a zeolite, especially FAU type (faujasite type) zeolite, which has excellent properties such as good ion exchange capacity, adsorption capacity, and catalytic activities etc. We attempted to synthesize the highly value-added perlite by converting from the perlite to the zeolite using hydrothermal synthesis. In this study, the objects were to establish the synthetic process of the FAU type zeolite from perlite and to investigate the characterization of the products obtained by hydrothermal treatments. Therefore, in this study, we examined the effective reuse of perlite as a valuable natural resource. If we can reuse the waste perlite with a higher additional value by the low cost technology, we contribute to the society with low environmental load through the development of recycle treatment of waste perlite.
EXPERIMENTAL SECTION

Materials
A starting material for expanded perlite in the experiment was perlite ore mined in Fukushima Prefecture. The expanded perlite was prepared by rapidly heating using the rotary kilns after grinding the perlite. Its expanded perlite was used the heat insulating materials for LNG tanks, and it was a waste product of the time of renewal of the LNG tanks. Further, its expanded perlite was milled by the dry ball milling method with iron ball media.
The obtained perlite powder was analyzed the chemical composition by X-ray fluorescence spectrometer (XRF / Rigaku Corporation / RIX-3000). Particle diameter of the perlite was measured by a laser diffraction-scattering particle size distribution analyzer (Microtrac-BEL Corp./ MT3000Ⅱ). The specific surface area of perlite before and after milling treatment was measured using a BET method by an automatic specific surface area measuring apparatus (Microtrac-BEL Corp./ BELSORP-miniⅡ). Relationship between milling time and surface activity of milling particle was measured based on the change of pH when the milled perlite powders were added in ion exchange water.
Zeolite Synthesis
Perlite and sodium aluminate were prepared with Si/Al ratio of 2.0 and 2.5, and were added to 15mL 1M NaOH solution. The solution was mixed and aged with stirrer for 24 hours at room temperature. The mixture was transferred to a 22mL stainless-steel autoclave and then subjected to hydrothermal treatment at 75℃ for 72 hours in an oven. After the hydrothermal treatment, the products were collected with filtration, thoroughly washed with distilled water, and finally dried at 50℃.
Characterization
The products were identified by powder X-ray diffraction method (XRD / Rigaku Corporation / Mini FlexⅡ). Their surface and microstructures of obtained synthesis products were observed with scanning electron microscope (SEM / KEYEMCE, VE-8800). And chemical compositions of synthesis products were measured with X-ray fluorescence spectrometer (XRF / Rigaku Corporation / RIX-3000). A synthetic solvent was collected by filtration after the aging treatment with stirrer for 24hours at room temperature. Si and Al concentrations in the solution were measured by the ICP emission spectral analysis to check the change of Si and Al elution amount in the milling process. Table  1 . Thus, perlite contents are thought to be suitable as the raw materials for the zeolite. Fig. 1 shows the particle size distribution of the perlite before and after ball milling, and the average particle diameter in Table 2 are shown. The average particle size after milling for 1, 2, and 3 hours was changed from about 30μm to 2.5μm, and the sharp particle size distributions were obtained by milling. However, it was found that the particle sizes were saturated by milling over 2 hours. Fig.2 shows a variation of the specific area (BET) with milling times. The specific surface area of perlite before milling process was 2.3m 2 /g, and finally the BET value after ball milling for 3 hours increased to 8.6m
2 /g. However, its specific surface area was much small, compared to the porous powder (600~700 m 2 /g) such as silica gel. Table 2 . Particle size vs the milling perlite. The relationship between the change of the surface pH of perlite and milling time is shown in Fig.3 . With increasing the milling time, the increase in pH of the solution containing the perlite was confirmed, led to surface modification of the perlite. It is thought that the increasing of H + adsorption sites or releasing of OH -from the perlite surface on the milling was occurred. However, the change of a particle size after milling for 2 hours was hardly confirmed. As the result, it is expected that the milling process resulted in the changes of reactivity on the perlite surface as well as the decrease of particle size. Therefore in what follows, zeolite syntheses were performed using the perlite milled for 3 hours as a starting material. For comparison, the unmilled perlite was also used for zeolite synthesis.
Zeolite Synthesis from Perlite
The quantity of starting materials of reaction systems is summarized in Table 3 . Si/Al ratio was adjusted to 2.0 and 2.5 using sodium aluminate reagent. Using these material, zeolite synthesis was carried out by hydrothermal treatments at 75 ℃ for 72 hours. Fig.4 shows the XRD patterns of the products synthesized by the unmilled perlite of hydrothermal treatment at 75℃. Broad peak attributed to amorphous structure was observed for perlite before synthesis, shown in Fig.4(a) . The peak in the vicinity of 35 ° is the peak derived from quartz. In case of Si/Al ratio = 2.0, the peaks attributable to the LTA type zeolite and FAU type zeolite were observed, shown in Fig.4 (b) . Furthermore, in case of Si/Al ratio = 2.5 (Fig.4 (c) ), the peaks from the LTA type zeolite and FAU type zeolite were similarly observed. When Si /Al ratio has changed from 2.0 to 2.5, the decrease of the peak intensity of LTA type zeolite was observed. Therefore, it is considered that FAU type zeolite easily generates with the Si/Al ratio of the reaction system. 5 shows the XRD patterns of the products synthesized by the hydrothermal treatment at 75℃ for milled perlite. Broad peak was observed as well as synthesis of unmilled perlite, although the peak derived from quartz around of 35° diminished. In case of Si/Al ratio=2.0 (Fig.5 (b) ), the peaks attributable to the LTA type zeolite and FAU type zeolite was observed. Compared with the synthesis of unmilled perlite, the peak intensity of FAU zeolite increased for products synthesized from milled perlite. Further, in case of Si/Al ratio =2.5 ( Fig.5(c) ), FAU type zeolite was only observed, whereas no peaks of LTA was confirmed. Consequently, in case of Si/Al ratio of both 2.0 and 2.5, the synthesis of FAU type zeolite was enhanced by milling perlite. In general, the elution of Si is slow and FAU type zeolite is easy to synthesize. Therefore, it is thought that the activation caused by milling treatment enhance the elution amount of Si and Al are occurred and resulted in the formation of FAU type zeolite. As a result, using the milled perlite, monophase FAU type zeolite was successfully synthesized by the hydrothermal treatments. Thus, it is considered that FAU type zeolite with higher Si/Al ratio was easily obtained by the milling treatments for perlite.
The SEM images of the products synthesized by hydrothermal treatment are shown in Fig.6. Fig.6 (a) and (c) show the microstructure of products synthesized from the unmilled perlite ((a) Si/Al ratio=2.0), and (c) Si/Al ratio=2.5). morphology were observed for all products except (d). Especially, LTA type zeolites with the typical cubic morphology more than 5μm on a side were observed in Fig.6(a) , whereas smaller LTA type zeolite were mostly confirmed for other products, shown in Fig.6 (b) and (c). Although fine FAU type zeolites were observed for all products, especially the finer FAU type zeolites were synthesized for products synthesized from the milled perlite. And chemical compositions of synthesis products were measured with X-ray fluorescence spectrometer (XRF). Table 4 shows the chemical compositions of the products synthesized by hydrothermal treatment. Synthesized products using milled perlite had higher Si/Al ratio than ones synthesized using unmilled perlite.
As-above mentioned, it is obvious that the increase of Si elution by milling treatment leads to the synthesis of zeolite with higher Si/Al ratio. In addition, the Si/Al ratio of the synthesized FAU type zeolite is in the vicinity of 1.4~1.5, that is X-type zeolite. In order to check the change of Si and Al elution amount in the milling process, the chemical analysis of the synthetic solvent after the aging treatment with stirrer for 24 hours at RT was carried out by the ICP emission spectral analysis. Table 5 shows the Si, Al and Na concentration each synthetic solvent after aging treatment for 24 hours at RT. Si concentration in the solvent of sample synthesized using milled perlite was about 2 times than one from unmilled perlite. ICP results also indicated the increase in the Si concentration in the solvent was caused by milling process. On the other hand, the concentration of Al and Na was almost same regardless by milling process. From these results, it is considered that the increase of Si elution for perlite with milling process and consequently the synthesis of FAU type zeolite with higher Si/Al ratio was enhanced.
SUMMARY
In this study, the synthesis of zeolite from unmilled and milled perlites as a starting sample was performed by hydrothermal treatment. Products from unmilled perlite were composed of mainly LTA and in part FAU type zeolites, whereas in case of ones from milled perlite FAU type zeolite contents increased. The FAU type zeolite of high Si/Al ratio was preferentially synthesized by milling process. As a result, using the milled perlite, FAU type zeolite was successfully synthesized by the hydrothermal treatments. It is thought that the increase of FAU type zeolite from milled perlite was attributed to surface activation caused by milling and increase of Si elution of perlite during the hydrothermal treatments. Table 5 . Si, Al and Na concentration in the solvent after Aging treatment.
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